This article provides new estimates of systematic risk and the cost of equity capital for the pharmaceutical, biotechnology, and medical device sectors. The main analysis employs data for pharmaceutical, biotechnology, and medical device firms with publicly traded stock on US exchanges (including foreignowned firms) with at least $100 million of market capitalization during the periods 2001-2005 and 2006-2008. Two frameworks are used for estimating firms' risk and the cost of equity capital: the capital asset pricing model (CAPM) and the empirically driven three risk-factor model of Fama and French (the F-F model). The article is organized as follows. The first section briefly reviews prior work and discusses the likely relation between the cost of equity capital and R&D intensity. The next section outlines the CAPM and F-F models and their empirical implementation. The data and samples are discussed in the third section. The fourth section presents beta and cost of equity capital estimates for equally weighted portfolios formed by sector and by sector and firm size. The fifth section presents results concerning the relationship between individual firm betas and R&D intensity, and it is followed by a final concluding section. 
investors' opportunity cost of capital). The cost of capital therefore has significant effects on investment decisions. It also affects the minimum product prices that are required to make basic research and particular R&D projects economically attractive.
Given long R&D cycles and relatively low scientific success rates for individual projects, the effects of the cost of capital on investment decisions can be particularly large for the pharmaceutical, biotechnology, and medical device sectors. Because firms in these sectors are primarily financed by equity (common equity issues and retained earnings), as opposed to debt, the relevant cost of capital for investment decisions is dominated by the cost of equity capital (see, e.g., Myers and Shyam-Sunder 1996) . Estimates of the cost of equity capital and understanding of factors that influence the cost of equity are therefore highly relevant to project development and policy issues, including drug and device pricing and measurement of the average cost of developing a new drug or device (e.g., DiMasi et al. 2003; DiMasi and Grabowski 2007; Vernon et al. 2010 ).
This study provides new estimates of systematic risk and the cost of equity capital for the pharmaceutical, biotechnology, and medical device sectors. The main analysis employs data for pharmaceutical, biotechnology, and medical device firms with publicly traded stock on US exchanges (including foreign-owned firms) with at least $100 million of market capitalization during the periods 2001-2005 and 2006-2008 . Two frameworks are used for estimating firms' risk and the cost of equity capital: the capital asset pricing model (CAPM) and the empirically driven three risk-factor model of Fama and French (F-F model) French 1992, 1993 ).
The CAPM is widely used by corporations, investment banks, and portfolio managers in valuation and capital budgeting. It is based on the simple notion that investors who are able to diversify at low cost will demand compensation only for bearing nondiversifiable risk. The CAPM posits that the risk premium required by investors for holding a particular security will depend on the sensitivity of the security's return to returns on the market portfolio of risky assets, as measured by the security's "beta." Beta is a measure of a security's market risk that cannot be diversified away by combining it with other securities in a portfolio.
The CAPM assumes a single market risk factor. The F-F model was developed in response to evidence that, controlling for market beta, historical mean returns on stocks for small firms were higher than for large firms and historical mean returns for stocks with high ratios of book-to-market equity ("value" stocks) were higher than for stocks with low book-to-market equity ("growth" or "glamour" stocks). The F-F model posits that two nondiversifiable risk factors affect the required return on a security in addition to its market risk: (1) a risk factor related to firms' market capitalization (the size factor), and (2) a risk factor related to firms' ratio of book value of equity capital to the market value of equity capital (the book-to-market factor). A firm's cost of equity capital depends on its market, size, and book-to-market betas and the risk premia associated with each risk factor. Although the F-F model is less widely used in valuation and capital budgeting than the CAPM, it is often used in comparison with the CAPM. In addition, many investment analysts employ cost of equity capital estimates that incorporate a size factor if not both a size and a book-to-market factor. This study's empirical analysis focuses on possible differences in risk and the associated cost of equity capital across the pharmaceutical, biotechnology, and device sectors and between large and small firms within each sector. It also provides evidence of the relationship between firms' risk, cost of equity capital, and intensity of R&D expenditures, as measured by the ratio of R&D to total revenues ("sales"). Prior work (discussed later) has emphasized that whereas technical uncertainty associated with success or failure during product development and approval is likely diversifiable, expected future R&D expenditures for a given project create a form of leverage analogous to operating and financial leverage. That leverage, which declines as the project moves through development, increases the systematic risk that arises from correlation between the project's projected commercial value conditional on success and underlying risk factors priced by investors, such as market risk.
There are four principal findings from the empirical analysis. First, R&D intensity is positively related to market betas and thus to the estimated cost of equity capital, after controlling for firms' principal sector of operations (pharmaceutical, biotechnology, or device). Second, the choice of model matters. The CAPM and F-F models can produce materially different estimates of the cost of equity capital. In particular, the results for the F-F model imply a size-related risk premium in the cost of equity capital for smaller firms in each sector. Third, after controlling for R&D intensity, average market betas can differ significantly across sectors. Biotech firms had significantly higher market betas than pharmaceutical firms during the period 2001-2005. Device firms had significantly higher betas than pharmaceutical firms during 2006-2008. Fourth, the time period matters, as implied by the results of this study and by a large negative and significant average bookto-market beta value for large biotech firms during [2001] [2002] [2003] [2004] [2005] , which significantly lowered the estimated cost of capital during that period but did not persist during 2006-2008. These results were obtained from data for publicly-traded firms with at least $100 million of market capitalization at the beginning of the sample periods. The cost of equity capital is usually higher, on average, for smaller publicly-traded firms and privately held firms for at least two reasons (e.g., Cockburn and Lerner 2009) . First, investors are likely to require a higher expected return for smaller or privately held firms as compensation for the lack of liquidity from investing in such firms (e.g., Cockburn and Lerner). Second, smaller and privately held firms usually have a single compound or a few compounds in early stages of development, which results in high R&D intensity and CAPM betas.
The first section that follows briefly reviews prior work and discusses the likely relation between the cost of equity capital and R&D intensity. The next section outlines the CAPM and F-F models and their empirical implementation. The data and samples are discussed in the third section. The fourth section presents beta and cost of equity capital estimates for equally weighted portfolios formed by sector and by sector and firm size. The fifth section presents results concerning the relationship between individual firm betas and R&D intensity, and it is followed by a final concluding section.
Prior Work
Enormous theoretical and empirical literatures have considered the cost of capital in general and the cost of equity capital in particular. Much of this research addresses the CAPM and the F-F models, including their ability to explain cross-sectional stock returns (see, e.g., Fama and French 1992 . Although much of this work castes doubt on its empirical veracity, the CAPM remains the most widely used method in practice for estimating the cost of capital.
The question of whether size and book-to-market factors in returns are persistent and are related to underlying priced risk factors has been extensively debated, including whether historical size-related return premia compensate for risk related to illiquidity or financial distress (see van Dijk 2010) and whether historical book-to-market-related return premia compensate for risk related to earnings volatility or financial distress.
Studies that have employed the CAPM or F-F model to estimate the cost of equity capital for pharmaceutical and biotechnology firms are summarized in Table 4 .1. The CAPM beta and cost of capital estimates are fairly stable across studies and time periods, with no obvious secular trend. The results suggest higher CAPM betas for biotechnology firms and smaller pharmaceutical firms and positive F-F size betas for the small biotechnology firms and pharmaceutical firms. The analysis in this chapter extends these studies by considering relatively large samples of biotechnology, pharmaceutical, and device firms; including the analysis of post-2005 data; and specifically considering the relationship between beta estimates, cost of capital, and R&D intensity at the firm level.
As summarized in Table 4 .1, Grabowski and Vernon (1990) and DiMasi et al. 1991) utilized a real cost of capital estimate of 9 percent assuming an average CAPM beta of 1.0 based on beta estimates using data from the 1970s to the mid-1980s. The US Congress' Office of Technology Assessment (1993) reported an average pharmaceutical firm beta of 0.90 based on annual estimates for 20 to 25 firms during the period 1975 -1987 . Myers and Shyam-Sunder (1996 provided CAPM-based cost of capital estimates for large pharmaceutical firms as of 1980, 1985, and 1990 . They reported mean CAPM betas of 0.98, 0.70, and 1.04 for the 1975-1979, 1981-1985, and 1985-1989 periods, respectively.
They also reported an average beta of 1.54 using 1984-1988 data for seven small pharmaceutical and biotechnology firms. Myers and Howe (1997) report an average CAPM beta of 1.05 for 13 large pharmaceutical firms using data for 1989-1993 and an average beta of 1.43 using annual data on weekly returns during 1986-1992 for 39 biotechnology firms with traded stock Myers and Shyam-Sunder (1996) explained why, given the implicit leverage associated with R&D, systematic risk will likely increase with R&D intensity and be greater for earlystage projects compared with more mature projects. Myers and Howe (1997) provided a detailed explanation of how the quasi-fixed nature of planned R&D expenditures produces a form of leverage analogous to operating leverage associated with fixed operating costs and financial leverage associated with debt financing. They explained how variation in expected R&D over the lifetime of a project will cause R&D leverage and systematic risk to decline as a drug moves through the development process, giving rise to what they term the "risk-return staircase" in drug development. -Sunder (1996) and Myers and Howe (1997) also observed that a positive relationship between R&D intensity and risk is implied by option pricing models. Berk et al. (2004) developed a dynamic model of multistage investment to illustrate how risk associated with ultimate cash flows in R&D-intensive ventures has a systematic component even though technical risk about advancement of a project is diversifiable. They viewed risky, R&D ventures as compound options with systematic uncertainty. They explained how an R&D-intensive project can be viewed as a series of compound options on the underlying cash flows of the project, with the strike price equivalent to the expected future investment in R&D. The risk premium on the project decreases if the project advances and, as a result, becomes more "in the money." When a development stage is completed successfully, expected future investment drops, thus reducing the strike price and systematic risk of the project. Myers and Shyam-Sunder (1996) conjectured that the higher mean beta they reported for small biotech and pharmaceutical companies compared with large pharmaceutical companies is consistent with an association between high R&D expenditures and high systematic risk. In an analysis of the potential effects of the Clinton administration's proposed Health Security Act of 1993 on pharmaceutical and biotechnology firms' stock prices and R&D spending, Golec et al. (2005) used the CAPM to estimate abnormal stock returns and reported higher average CAPM betas (estimated with 1992-1993 data) for firms with higher average ratios of R&D to assets during 1989-1991.
Myers and Shyam

The CAPM and Fama-French Models
The CAPM and F-F models are expected-return beta representations of linear factor pricing models. The basic formulation of such a models is (1) where E(R ) is the expected return on asset j, γ is the riskless rate of interest (or, if no riskless rate exists, the expected return on a zero-beta asset or portfolio), λ (k = 1, 2, …, K) is the expected risk premium for the kth risk factor, and β (j = 1, 2, …, N; k = 1, 2, …, K) is the sensitivity of asset j's return to the kth risk factor.
The k underlying risk factors serve as a proxy for changes in the marginal utility of consumption and represent sources of risk that cannot be eliminated via portfolio diversification. Equation 1 portrays the fundamental principle that assets with greater risk sensitivities must provide investors with higher expected returns; that is, they tend to provide greater payoffs when consumption is high and the marginal utility of consumption is low, and smaller payoffs when consumption is low and the marginal utility of consumption is high.
The single risk factor in the CAPM is the return on the market portfolio of risky assets. With a riskless interest rate, R , each asset's expected return is (2) where β is the asset's market ("CAPM") beta, E(R -R ) is the expected excess return on the market portfolio (the "market risk premium"). E(R ) is the xpected required return (opportunity cost of equity capital) for stock j given its risk, β . If β varies across assets in relation to some variable, x , the cost of capital will vary according to the following equation:
The F-F model posits three risk factors: (1) the excess return on the market portfolio, (2) the excess return on a portfolio of "small" stocks versus "big" stocks, and (3) the excess return on a portfolio of stocks with "high" ratios of book equity to market equity (book-to-market ratios) versus stocks with "low" book-to-market ratios. The expected return for asset j is (3) where β is the asset's excess market return beta (analogous to its CAPM beta), and R , R , R , and R are returns on the relevant portfolios of small, big, high book-tomarket, and low book-to-market stocks, respectively (see Fama and French 1993) . If the F-F betas vary in relation to some variable, x , the cost of capital will likewise vary according to the following equation: Given equation 2, an estimate of a security's or a portfolio's CAPM beta can be obtained by using least squares to estimate the following model with returns data for a given period: (4) Similarly, given equation 3, estimates of F-F betas can be obtained by estimating the following: (5) Given beta estimates from equations 4 and 5, cost of equity capital estimates can be generated as a function of assumed values for the risk-free interest rate and market, size factor, and book-to-market factor risk premia. If, for example, the assumed risk-free rate is 5 percent and the assumed market, size factor, and book-to-market factor risk premia are 7 percent, 3 percent, and 4 percent, respectively, cost of equity capital estimates would be obtained as follows:
and Assumed risk premia typically are based on historical mean excess returns for the relevant factor portfolios.
Data and Samples
This study focuses on estimates of CAPM and F-F betas using monthly returns data for two time periods The following criteria were used to select sample firms in each period:
• The firm's stock was included in the S&P Composite 1500 index and was identified in Standard & Poor's Industry Survey at the end of the period for pharmaceutical firms, biotechnology firms, or medical device firms (health care products and supplies).
• Complete monthly returns were available from the Center for Research in Security Prices (CRSP) for the sample period.
• The firm was included in the Compustat database each year during the sample period and had nonmissing data for R&D expenses.
• The firm had market capitalization of $100 million or more at the beginning of the sample period. Monthly returns (including dividends) for each firm were obtained from the CRSP through Wharton Research Data Services (WRDS). Monthly returns in excess of the monthly Treasury bill yield ("excess returns") were calculated for each security. The riskfree rates were the monthly Treasury bill yields. Monthly excess returns on the valueweighted portfolio of all securities traded on the NYSE, AMEX, and NASDAQ exchanges and on size-based and book-to-market ratio-based portfolios were obtained from WRDS (and are also available from Kenneth French's website).
R&D expense (net of acquired in-process R&D), total revenues (sales), and other financial data were obtained from the Compustat Annual Fundamentals files, also available through WRDS. The average lagged (one-year) ratio of a firm's annual R&D expense to its annual sales during the sample period was calculated as a measure of its average R&D intensity. A few values greater than 1 were truncated at 1 for each sample. The average lagged ratio of a firm's long-term debt to value (long-term debt plus convertible debt plus preferred stock plus market value of equity) and the average lagged ratio of the firm's book value of equity to market value of equity also were calculated for each firm in each period. Table 4 .2 shows sample sizes, mean monthly excess returns, and mean and median values of market capitalization, R&D/sales, long-term debt/value, and book-to-market equity for each sector and sector-size subgroup for the 2001-2005 and 2006-2008 period, whereas the device firm samples included many small firms. The giant pharmaceutical firms caused the mean values of market capitalization for the overall pharmaceutical and large pharmaceutical groups to be much greater than the medians.
During 2001-2005, the mean and median values of R&D/sales were much larger for biotechnology firms than for pharmaceutical and medical device firms. For example, the median of R&D/sales for the overall biotech group was 33 percent, compared with 10 percent for pharmaceutical firms and 7 percent for device firms. During 2006-2008, however, the mean and median R&D/sales ratios for the large biotech group were much lower than in [2001] [2002] [2003] [2004] [2005] , and the difference in R&D intensity between large biotechnology firms and large firms in the other sectors narrowed considerably.
The mean and median values of book-to-market equity were roughly similar across groups and time periods. The mean and median values of long-term debt/value were low, just exceeding 10 percent for the small pharmaceutical group during 2006-2008. Because many firms in these sectors hold substantial cash and marketable securities, measures of net debt (total debt less cash and marketable securities) would be even lower (and negative for some firms). As a result of the minimal use of debt financing by most firms, the weighted-average cost of debt and equity capital will be approximately equal to the cost of equity capital. For that reason, this paper, like a number of previous studies, focused on the cost of equity capital. Table 4 .3 shows the results of using equation 4 to estimate CAPM betas for nine equallyweighted portfolios: three sector portfolios and six sector-size portfolios. Beta estimates for equally-weighted portfolios are mathematically equivalent to the arithmetic mean of beta estimates for the securities in the portfolio. A multivariate regression model (MVRM) was used to jointly estimate the equations for the three sectors and for the six sector-size portfolios. The MVRM produces estimates identical to estimating the model for each portfolio separately, but it permits tests of equality of betas across portfolios that reflect possible correlations in disturbances across the portfolios. The estimated "alphas" (intercepts) shown in Table 4 .3 were generally positive, especially for the 2001-2005 period. The values for the portfolio of small device firms were large and statistically significant, producing a large and significant estimate for the overall device portfolio as well. Therefore, controlling for beta, small device firms "outperformed" the overall stock market during this period. The estimated average riskadjusted excess return for the small device firm portfolio was 1.6 percent per month. The inclusion of the size and book-to-market factors in the returns equation produced relatively little increase in R compared with the CAPM model. However, consistent with Golec and Vernon (2007) and Vernon et al. (2010) , the size-factor beta estimates were positive and statistically significant for the small-firm portfolios for each sector and time period, and in some cases this caused the size-factor beta to be positive and significant for the overall sector portfolio. Therefore, smaller pharmaceutical, biotech, and device stock returns were correlated with those of other small firms during these time periods. The large pharmaceutical firm portfolio had a negative and statistically significant size beta during 2001-2005.
CAPM Betas
Fama-French Betas
The book-to-market betas were negative, large in absolute value, and significantly different from zero for the overall and large biotech portfolios during [2001] [2002] [2003] [2004] [2005] . This result suggests that, after controlling for overall market returns, biotech stock returns tracked those of growth stocks during this time period, when average biotech R&D intensity was high. However, the statistically significant and negative book-tomarket betas for biotechs did not persist in 2006-2008, when the larger biotechs had matured with greater sales and lower R&D intensity. 
Cost of Equity Capital Estimates
In Table 4 .5, the CAPM and F-F beta estimates from Tables 4.3 and 4.4 and their estimated variances and covariances were used to generate (nominal) cost of equity capital estimates and 95 percent confidence intervals for those estimates. The estimates assume a risk-free rate of 5 percent per year, which corresponds to an expected annual real return on short-term Treasury bills of 2 percent plus an expected inflation rate of 3 percent. Cost of equity capital estimates for a different riskless rate could be obtained by simple addition or subtraction from those shown. The assumed market risk premium wasis 7 percent, which is approximately equal to the average annualized monthly excess market return available from CRSP during July 1926-June 2009 (7.1 percent). The expected excess return on small versus large stocks is assumed to be 3 percent, compared with an average annualized excess return on the F-F size portfolio of 2.8 percent during that period. The expected excess return on high book-to-market versus low book-to-market stocks was assumed to be 4 percent. This is 1 percent (100 basis points) lower than the average annualized excess return on the F-F book-to-market factor portfolio from July 1926 to June 2009, but it is more in line with the average return on that portfolio since the mid-1980s.
Given these assumptions, the point estimates of the (nominal) cost of equity capital based on the 2001-2005 CAPM betas were approximately 10 percent for pharmaceutical and device firms and 14 percent for the more R&D-intensive and higher-beta biotechnology firms. For 2006-2008, the CAPM-based cost of equity capital estimates were approximately 9 percent for pharmaceuticals, 11 percent for device firms, and 12 percent for biotechs. For biotechs during 2006-2008, the estimated cost of equity was 13 percent for the higher-beta and more R&D-intensive small firms compared with 10 percent for larger biotechs.
For the F-F model, the estimated cost of equity capital values for pharmaceutical firms were similar to those obtained from the CAPM in both time periods. During 2001-2005, the lower F-F market beta for small pharmaceutical firms compared with the CAPM basically offsets the effects of the positive size beta for small firms; likewise, the higher F-F market beta for large pharmacetical firms offsets the negative size beta for large firms (see Table 4 Given the large and negative book-to-market betas for large biotechs during 2001-2005, the estimated cost of equity for large biotechs using the F-F model during that period was much lower (9.1 percent) than the value obtained using the CAPM (14.1 percent). However, the disappearance of the relationship between biotechnology firm returns and book-to-market factor returns during 2006-2008 caused the cost of equity capital estimates for large biotechs to converge for the two models (10.9 percent for the F-F model and 10.2 percent for the CAPM).
Individual Firm Betas and R&D Intensity
Individual firm CAPM and F-F beta estimates were also obtained using equations 2 and 3 for the 2001-2005 and 2006-2008 samples. In order to provide evidence of the relationship between beta estimates, sector, R&D intensity, and firm size (market capitalization), the following cross-sectional regression model was estimated for each beta estimate and period: (6) where l = CAPM, MKT-RF (the difference between the expected return of the market and a risk-free asset), SML (the difference in the expected return of small and large stocks), or HML (the difference in the expected return of high book-to-market stocks and low book-to-market stocks); Biotech and Device are sector indicators; R&D/Sales is the firm's average ratio of R&D expense to sales for the period (again truncated at 1); and Log Market Equity is the log of the firm's market value of equity at the beginning of the sample period. Similar results to those reported here were obtained when indicators were included for generic pharmaceutical firms, for foreign-owned (or American Depository Receipt [ADR]) firms, and when the average ratio of long-term debt to value was included. None of the additional variables was significantly related to the estimated betas. Results with similar implications also were obtained by estimating models (without sector indicators) separately for each sector. Table 4 .6 shows bivariate correlations between the beta estimates, R&D intensity, log market equity, and long-term debt/value. As expected, R&D intensity was positively and significantly related to both CAPM and F-F market betas each period. It was negatively and significantly related to F-F book-to-market betas in [2001] [2002] [2003] [2004] [2005] . Again as expected, log market equity was negatively and significantly related to the F-F size betas. Table 4 .7 shows least squares estimates of equation 6 for each beta estimate and time period (with heteroskedasticity robust standard errors in parentheses). For the CAPM and F-F market betas, the estimates for the biotechnology and device indicators are Table 4 .4).
Conclusions
This study provides estimates of systematic risk and the cost of equity capital for the pharmaceutical, biotechnology, and medical device sectors using data for firms with publicly traded stock on US exchanges (including foreign owned-firms) and market capitalization of at least $100 million during 2001-2005 and 2006-2008 using the CAPM model and F-F three-factor model. It also provides evidence of the relationship between firms' systematic risk, cost of equity, and intensity of R&D expenditures.
There are four principal findings. First, R&D intensity, as measured by the ratio of R&D expense to sales, is positively related to market betas and thus to the estimated cost of equity capital, after controlling for firms' principal sector of operations (pharmaceutical, biotechnology, or device). Second, the choice of model matters. The CAPM and F-F models can produce materially different estimates of the cost of equity capital. In particular, and consistent with other work, the F-F model results imply a size-related risk premium in the cost of equity for small firms in each sector. Third, after controlling for R&D intensity, average market betas can differ significantly across sectors. Biotech firms These results have potentially important implications for valuation and capital budgeting of pharmaceutical, biotechnology, and device firms. They raise the possibility of obtaining better estimates of a firm's cost of equity using on the cross-sectional relationship between risk and R&D intensity. They also suggest the possible value, in practice, of comparing values of projects based on estimates of the cost of capital using the CAPM and F-F models, at least for small firms. The cost of equity capital will usually be higher on average for smaller publicly-traded firms and for privately held firms than for the samples analyzed in this study due higher R&D intensity and illiquidity.
Along with theory and prior work, this study's results concerning risk and R&D intensity also highlight the question of whether a time-varying discount rate should be used to value molecules or devices in different stages of development. Although technical (scientific) risk is likely diversifiable by investors, early-stage projects have greater R&D intensity and thus greater systematic risk. The return required by investors is therefore likely to be greater than for late-stage projects. If a constant discount rate is used to value all expected future cash flows based on a firm's overall cost of capital, early-stage projects will tend to be overvalued and late-stage projects will tend to be undervalued. Additional work is needed to determine whether and how time-varying discount rates could be employed in practice.
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Subscriber: University of Pennsylvania; date: 20 July 2017 stock price reactions to proposed changes in accounting treatment of purchased inprocess R&D for R&D-intensive firms. (4.) The minimum market capitalization criterion was designed to reduce issues associated with infrequent trading. A handful of firms that met the other criteria were excluded on this basis.
(5.) Clinical research organizations and laboratories were excluded even if they reported some R&D expense.
(6.) Classifying size groups based on the F-F size portfolio cutoffs would have produced too few small firms for meaningful analysis.
(7.) For regressions of betas on the ratio of R&D to sales, qualitatively similar results were obtained using the raw values of the variable.
(8.) The dearth of debt financing likely reflects a variety of influences, including (1) large amounts of intangible assets that might be threatened by financial instability, (2) lower marginal value of debt tax shields in the presence of tax shields arising from the immediate tax deductibility of R&D expenditures, and (3) historically large generation of internal funds, which reduces the need for external financing. See Passov (2003) for further discussion.
(9.) The estimated alpha from equation (4), sometimes called "Jensen's alpha," is a common measure of risk-adjusted performance for portfolios and individual securities.
(10.) Myers and Shyam-Sunder (1996) employed a projected 20-year Treasury rate less the average term premium compared with Treasury bills to serve as a proxy for the riskless rate for long-duration R&D investments.
(11.) Although higher CAPM betas for device companies than for pharmaceutical firms during 2006-2008 could reflect greater price elasticity of demand for devices, it is not clear why greater price elasticity would lead to higher book-to-market betas in the F-F framework.
